BACKGROUND: Disability-adjusted life years (DALY) are a common public health metric used to consistently estimate and compare health loss because of both fatal and nonfatal disease burden. The annual number of DALY because of adult out-of-hospital cardiac arrest (OHCA) in the United States is unknown. Our objective was to estimate the DALY after adult nontraumatic, emergency medical services-treated OHCA, and to compare OHCA DALY to other leading causes of death and disability in the US.
S
udden cardiac arrest is the third leading cause of death in the United States, 1 responsible for more than 450 000 lives lost annually. 2, 3 Current burden of disease estimates are often presented as overall incidence, number of deaths, potential life years lost, or short-term neurological outcomes, which are acquired from large data registries for both in-hospital and outof-hospital cardiac arrest (OHCA). 3, 4 The recent Institutes of Medicine report titled "Strategies to Improve Cardiac Arrest Survival: A Time to Act" highlighted the need for additional disease burden measures beyond mortality alone. 3 Disability-adjusted life years (DALY) are a common public health metric used to consistently estimate and compare health loss because of both fatal and nonfatal disease burden. 5 DALY are the sum of years of life lost (YLL) and years lived with disability (YLD). 6 One DALY is equal to 1 year of healthy life lost. From as far back as 1990, the Global Burden of Disease Study has estimated DALY for more than 300 diseases and injuries. However, the number of DALY specific to sudden cardiac arrest have not been reported and are currently unknown. 7 In an effort to fill this knowledge gap, and to better understand the disease burden associated with sudden cardiac arrest, we estimated the annual DALY after adult nontraumatic emergency medical services (EMS)-treated OHCA in the US. We hypothesized that OHCA represented a leading cause of morbidity and mortality, and would rank among the top 10 causes of DALY for 2016. The overall goal was to help inform policy makers, funding agencies, clinicians, educators, and the public of the health burden associated with OHCA, and to allow for disease burden comparison using population health standards.
METHODS

Data Availability
Aggregate data from the Cardiac Arrest Registry to Enhance Survival (CARES) database is available to researchers to replicate the findings of this study on approval by the CARES data sharing committee. Further details regarding the CARES data sharing policy are available online. 8 
Study Aim, Design, and Population
The primary aim was to estimate the number of DALY following OHCA, and to compare OHCA DALY to that of other leading causes of death and disability in the US. To do so, we performed a retrospective analysis of all adult nontraumatic EMS-treated OHCA from the national CARES database for 2016. A secondary aim was to estimate the impact of layperson interventions, such as bystander cardiopulmonary resuscitation (B-CPR) and bystander automated external defibrillator (B-AED) application on OHCA DALY (where bystanders were only laypersons and not first responders or EMS personnel). The Baystate Health Institutional Review Board determined the analysis to be not human subjects research.
Inclusion criteria for this evaluation included all adult nontraumatic EMS-treated OHCA in the CARES dataset for 2016. The CARES database does not capture data on cases where resuscitative efforts are not attempted, thus only EMS-treated OHCA were available for analysis. Excluded from this analysis were records with missing data for age, sex, mortality disposition, or cerebral performance category (CPC) scores. Pediatric and traumatic OHCA were also excluded because of the lack of established disability weights (DWs) and long-term survival outcomes for these populations.
Cardiac Arrest Registry to Enhance Survival
The CARES database was developed in 2004 as a collaborative effort between Emory University and the Centers for Disease Control and Prevention to serve as a central repository for cardiac arrest data from EMS systems throughout the US. 9 The registry utilizes the Utstein style of OHCA reporting and includes variables from prehospital care through hospital discharge. 10 For 2016, 36 states, 686 EMS agencies, and 1356 hospitals were participating in CARES (Kimberly Vellano, MPH, unpublished data, 2017) covering an estimated population of 88 673 688 (Kimberly Vellano, MPH, unpublished data, 2018) or ≈27% of the US population. Further details of CARES development, design, and data elements have been previously published. 
Disability-Adjusted Life Years
The DALY were defined as the sum of YLL and YLD (ie, DALY=YLL+YLD). 6 The top ten leading causes of DALY for 2016 were obtained from the US country profile from the GBD study (Global Burden of Disease). 11 The rate of DALY for the
WHAT IS KNOWN
• Disability-adjusted life years is a standardized public health metric used to estimate and compare the burden of one disease to another.
WHAT THE STUDY ADDS
• This study provides the first estimate of disabilityadjusted life years following adult nontraumatic emergency medical services-treated out-of-hospital cardiac arrest in the US using data from the national Cardiac Arrest Registry to Enhance Survival database for 2016.
• Adult nontraumatic emergency medical servicestreated out-of-hospital cardiac arrest was found to be the third leading cause of disability-adjusted life years in the US for 2016.
• These data will help inform policy makers and funding agencies about the public health burden associated with out-of-hospital cardiac arrest and will allow for disease burden comparisons using population health standards.
top ten causes in the US were obtained from the online Global Health Data Exchange for 2016. 7 A population of 323.1 million for 2016 12 were used to extrapolate the results to a national level whereas assuming the CARES population was 88 673 688 (Kimberly Vellano, MPH, unpublished data, 2018).
Years of Life Lost
The YLL were calculated by multiplying the number of deaths because of OHCA (N) by the remaining standard life expectancy at the age of death (L) (ie, YLL=N×L]. 6 The number of deaths because of OHCA were obtained from the national CARES database for 2016. Standard life expectancy at the age of death, based on sex and race, were obtained from the National Vital Statistics Report.
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Years Lived With Disability
Two equations were used to calculate YLD. First, to perform a patient-focused analysis including the lifetime impact of OHCA on DALY, the anticipated remaining years of life for OHCA survivors were included in the calculation of YLD. Specifically, YLD were calculated by multiplying the prevalence of OHCA from the CARES database for 2016 (P), by a DW associated with the CPC score at time of hospital discharge, and the anticipated duration life for OHCA survivors (L) (ie, YLD P×DW×L). 6 The anticipated duration of life for OHCA survivors, based on hospital discharge location (home, rehab, and long-term care facility), were extracted from long-term OHCA survival data published by Andrew et al. 14 In their evaluation of >3400 OHCA survivors from Victoria State, Australia, the authors describe 15-year OHCA survival outcomes. By linking local cardiac arrest registry data with statewide death records, the authors found a mean survival duration of 12.5 years for individuals discharged home, 11.1 years for individuals discharged to rehabilitation, and 8.0 years for individuals discharged to skilled care/hospice. 14 To our knowledge, no long-term OHCA outcomes data are available from the US.
Second, to determine the number of DALY lost during the study year alone (DALY 2016 ), and to compare our results to the leading causes of DALY as published by the GBD study, a population-based equation for YLD was used (YLD 2016 ). The YLD were calculated by multiplying the prevalence (P) of OHCA for 2016 from the CARES database among survivors by a DW associated with the CPC score at time of hospital discharge, (ie, YLD 2016 =P×DW) where prevalence is the number of cases alive for the year 2016 with each CPC score.
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Disability Weights
The DW were included in the calculation of YLD to account for severity of disease and disability. 16 They range from 0 (perfect health) to 1 (worst possible health state). 6 Based on the findings of Ginsberg et al 17 , the following DW were assigned to survivors according to CPC score at the time of hospital discharge: CPC 1, 0.049; CPC 2, 0.138; CPC 3, 0.425; and CPC 4, 0.673. The DW for a CPC 1 was based on the average DW for the 77 survivors with a CPC of 1. 17 In their cost-utility analysis, Ginsberg et al 17 prospectively assigned DW for 206 survivors of adult nontraumatic OHCA in Jerusalem. For example, survivors with a CPC of 3 were found to have experienced disabilities that were best proxied by severe motor and cognitive impairments, which corresponds to a DW of 0.425 according to the World Health Organization valuation. 17 To our knowledge, no other DW have been described within the cardiac arrest literature. A multivariable linear regression model was constructed for effect estimation with standard Utstein variables as independent variables and the patient's DALY value as the outcome. 10 The model variables included age, sex, race, incident location, initial rhythm, B-CPR, and B-AED application (defined as the act of a bystander placing AED pads on an OHCA victim's chest, regardless of whether defibrillation was delivered). The analysis for B-CPR was limited to bystander witnessed events. The study population for this model further excluded all EMS-witnessed OHCA and nursing home/health care facility events. Marginal effect estimates for B-CPR and B-AED were derived in models that used all independent variables as main effects with no interactions.
Multivariable Modeling of Bystander Interventions
The B-AED analysis was further limited to OHCA events in a public location (public/commercial building, street/highway, place of recreation, industrial place, transport center, and other) and additionally excluded events where the first responder was the first person to use the AED (ie, only layperson). The marginal effects on DALY were then used to derive national estimates of life years saved.
In the course of multivariable modeling, it was observed B-AED use did not have a constant association with DALY, but there was an interaction effect with B-AED use and B-CPR. Also, B-AED use with defibrillation was uncommon because of frequent nonshockable rhythm status. Consequently, a new multivariable linear regression model was estimated with the same independent variables as before but with an interaction term for B-AED and B-CPR, and with B-AED delineated between B-AED with and without defibrillation. From this model, the effect of CPR with defibrillation was derived. Stata/MP 15.1 for Windows was used to perform all statistical analyses. Data were reported at the patient level and the patient level DALY values were used to derive total DALY and then converted to DALY per 100 000 population. Table I in the Data Supplement demonstrates how the samples for the univariate and multivariable analyses were derived.
Sensitivity Analyses
Sensitivity analyses were performed to determine the impact of varying DW and long-term survival predictions on the DALY calculation. First, we replaced the fixed DW used in the primary analysis with a uniform distribution and varying standard deviations for each weight, but with the means of each DW category remaining the same. The net effect resulted in a range of values assigned to each CPC score (Table II in (Table IV in the Data  Supplement) . For example, a 40-year-old OHCA survivor, with a shockable presenting rhythm, who was discharged home would have a greater remaining life expectancy compared with a 60-year-old OHCA survivor, with a shockable presenting rhythm, who was also discharged home. In Table IV in the Data Supplement, we assume the 40-year old survivor would have live an additional of (95%×life-expectancy) years (ie, a 5% reduction) whereas a 60-year-old OHCA survivor would live an additional (82%×life-expectancy) years whereas the original analysis would assign 12.5 years to both.
RESULTS
There were 61 647 OHCA records available in the CARES database for 2016. A total of 1650 (2.7%) pediatric cases (age <18), and 245 (0.4%) adult cases with missing data were excluded, which resulted in a final sample size of 59 752 (96.9%). Table I in the Data Supplement. Demographics and cardiac arrest characteristics for the study population are located in Table 1 . Overall survival to hospital discharge was 10.7%, with discharged from the hospital with a good neurological outcome (CPC of 1 or 2) being 9.0%.
The total DALY for the study population, including the anticipated remaining life years for survivors, were 1 203 093 (YLL, 1 194 069; and YLD, 9023). Slight differences between DALY and YLL+YLD are due to rounding. At the patient level, the mean DALY per OHCA was 20.1 (SD 12.6) Table 2 . Females experienced a mean DALY of 20.5 (SD 13.3) versus 19.9 (SD 12.1) for males (P<0.001). The mean DALY for survivors were 18.1 (SD 11.0) versus 20.4 (SD 12.7) for nonsurvivors (P<0.001; Table 2 ). By definition, DALY values are lower among older patients compared to younger patients though the sizeable reduction by age is notable (Table 2) .
For the index year of 2016 alone, the estimated DALY (denoted DALY 2016 ) for the study population were 1 194 993 (YLL, 1 194 069; and YLD, 924). The estimated total DALY 2016 for adult nontraumatic EMS-treated OHCA in the US were 4 354 192 (YLL, 4 350 825; and YLD, 3365), which represents 4.5% of the total all-cause DALY. The rate of DALY 2016 were 1347 per 100 000 individuals, which ranked third among the leading causes of DALY in the US behind ischemic heart disease (2447) and low back and neck pain (1565; Figure 1 ). 7 The results of the main effects multiple regression analysis are presented in Table 3 . Male sex, −2.59; black race vs white; −1.25; public location vs home/residence, −0.71; and initial shockable rhythm, −1.72 were associated with a decrease in DALY. Hispanic race was associated with an increase in DALY (+2.14) compared with the white patients. The provision of B-CPR was associated with a mean decrease of −0.36 DALY (95% CI, −0.44 to −0.27) per OHCA, when compared with cases without B-CPR (P<0.001; Table 3 .) Survival to hospital discharge was 21.5% for those who received B-CPR versus 12.9% for those who did not. When extrapolated to a national level, the cumulative effect of B-CPR resulted in an estimated reduction of 25 317 DALY (95% CI, 19 342 to 31 292).
The results of the subgroup analysis of bystander interventions are presented in Table 4 . In the subpopulation based on excluding bystander unwitnessed events, EMS-witnessed OHCA, nursing home/health care facility events, and home/residence events, survival to hospital discharge was 28.0%. However, survival remained significantly higher among those that received B-CPR, 35.0% versus 18.6%; P<0.001. Bystander AED application (with or without defibrillation) was associated with a mean reduction of −1.48 DALY (95% CI, −1.78 to −1.18); P<0.001 compared with OHCA cases where bystander AED was not provided. The cumulative effect of B-AED application was an estimated reduction of 19 460 DALY (95% CI, 15 538 to 23 382) for patients meeting these inclusion criteria. From the regression model that incorporated interaction effects, CPR with AED defibrillation was associated with a mean reduction of −2.70 DALY (95% CI, −4.91 to −0.49); P=0.017. The cumulative effect of CPR with AED defibrillation was an estimated reduction of 35 407 DALY (95% CI, 6378 to 64 436). Figure 2 shows the interaction effect.
In sensitivity analyses, varying DW had almost no effect on the DALY, with the mean DALY for survivors being 18.1 (SD, 11.0; Table III in the Data Supplement). In the sensitivity analyses that used age-weighted life expectancy estimates, there was a modest effect on overall DALY, with an associated decrease in the OHCA DALY rate to 1321 per 100 000 individuals. However, the mean DALY for survivors decreased substantially to 13.2 (SD, 5.6); a mean difference of 4.9 (SD, 8.0) DALY compared with the original estimate for survivors of 18.1 (SD, 10.6; P<0.001). Table V 
DISCUSSION
In this evaluation of nearly 60 000 records from the CARES database, adult nontraumatic EMS-treated OHCA was found to be the third leading cause of DALY in the US for 2016 when compared with a published ranking of diseases. Total DALY lost during the index year were estimated to be 1 194 993. When extrapolated to a national level, the total DALY following adult nontraumatic EMS-treated OHCA were 4 354 192, which represented 4.5% of the total DALY in the US for 2016.
For over 2 decades, DALY have been used as a key metric for monitoring public health. 5 To our know- ledge, the present analysis is the first to estimate DALY for OHCA in the US. Our most striking finding was the rate of OHCA DALY per 100 000 individuals (1347), which compares similarly to other leading causes of DALY such as ischemic heart disease (2447), low back and neck pain (1565), drug use disorders (1179), and lung cancer (1130). For comparison, stroke is the ninth leading cause of DALY, with a rate of 980 per 100 000 individuals and it also represents a common time-sensitive condition. Such findings underscore the significant public health impact of OHCA.
Cardiac arrest represents a final common pathway of death, which presents a challenge for burden of disease comparison. For example, the precipitating event for OHCA could be acute coronary syndrome, and therefore some of YLL attributed to OHCA in this analysis may be captured by other GBD distinct diseases. However, this double counting is likely relatively small as only the minority of OHCA (ie, survivors) ever undergo any type of investigation as to precipitating event. Furthermore, when the precipitating event is assigned, it is often done via the Utstein template, 18 which may be fraught with error. 19 Our analysis represents a unique method of directly attributing YLL because of OHCA.
Additionally, reporting the DALY attributed to OHCA highlights its public health impact and may help focus resources that would otherwise be splintered among other diseases (ie, separate initiatives to combat OHCA from ischemic heart disease, sepsis, stroke, etc). Given that policy makers and funding agencies, such as the National Institutes of Health and the Centers for Disease Control and Prevention, have incorporated DALY in their decision-making, 5 efforts to address sudden cardiac arrest may be overshadowed if combined into the board category of ischemic heart disease. In a recent analysis of National Institutre of Health research funding, ischemic heart disease received ≈$2100 per annual death in 2015, whereas research specific to sudden cardiac arrest received $91 per death. 20 Separate reporting of cardiac arrest disease burden may help highlight this unique public health threat, encourage more investigators to study this important condition, and help aid funding agencies with resource allocation.
We observed differences in DALY values by age, sex, and race although these differences were in some ways to be expected given that life-expectancy varies by these factors in the National Vital Statistics estimates. DALY values simply reflect these disparities. Though beyond our study's scope, an active area of OHCA research involves examining why differences in survival and CPC outcome exist by age, sex, and race. 21, 22 The provision of B-CPR is well known to improve the likelihood of OHCA survival. [23] [24] [25] [26] [27] [28] [29] [30] In our study population, when excluding bystander unwitnessed events, EMS-witnessed OHCA, and nursing home/health care facility events, survival to hospital discharge was 21.5% for those who received B-CPR versus 12.9% for those who did not. After risk adjustment, the mean absolute decrease in DALY per individual OHCA with B-CPR was −0.36 (95% CI, −0.44 to −0.27), or less than 1 healthy life year saved. In our sensitivity analysis with age-weighted survival durations, the effect of B-CPR improved to −0.57 (95% CI, −0.72 to −0.41). This modest effect of B-CPR on an individual level is because of the overall high mortality and potential life years lost associated with OHCA. As shown in Figure 1 , YLD contributed only a tiny fraction to the overall DALY estimate of OHCA (one of the 1347 DALY per 100 000 individuals). The overwhelming contribution of YLL because of premature mortality appears to dilute the impact of B-CPR and B-AED application at the patient level.
Nevertheless, the cumulative impact of bystander interventions remains noteworthy. By extrapolating the CARES data to a national level, the estimated impact of B-CPR from our primary analysis is >25 000 N=19 334 (excludes bystander unwitnessed, EMS-witnessed, and nursing home/health care facility OHCA). Public location includes public/commercial building, street/highway, place of recreation, industrial place,transport center, and other. AED indicates automated external defibrillator; CPR, cardiopulmonary resuscitation; DALY, disability adjusted life years; and OHCA, Out-of-hospital cardiac arrest.
healthy life years saved. Bystander AED application, regardless of defibrillation status, is associated with ≈19 000 healthy life years saved. Moreover, our results indicate that B-AED modifies the effect of B-CPR and when CPR is given with AED defibrillation, the reduction in DALY values is much larger: −2.70 DALY (95% CI, −4.91 to −0.49). These results further support the importance of layperson (bystander) CPR, AED education, and AED access.
Finally, it is important to highlight the statistically significant, yet small, difference in mean DALY for survivors (18.1; SD, 11.0) versus nonsurvivors (20.4; SD, 12.7; P<0.001) when anticipated remaining life years for survivors are included in the calculation of YLD. This is because of the long-term survival estimates used in the primary analysis. By assigning fixed life expectancies based on discharge location from Andrew et al, 14 we likely underestimate the life expectancies of survivors who experience OHCA at a young age, and overestimate life expectancies for survivors who suffer OHCA at an advanced age. Notably, for survivors in the sensitivity analysis where life expectancy was age-weighted, the mean DALY decreased to 13.2 (SD, 5.6) compared with original mean value of 18.1 (11.0). However, the effect of ageweighted life expectancies had only a modest impact on the mean DALY for all patients 19.6 (SD, 12.4). As previously mentioned, this is because of overwhelming contribution of YLL from patients who did not survive.
Limitations
This analysis includes inherent assumptions and limitations required to perform the DALY calculation. The DALY estimate was based on records from the national CARES database for 2016, which covered ≈27% of the US population. Participation in CARES is voluntary and may undercount the true number OHCAs occurring, and our analysis may be less generalizable to patient populations that are underrepresented in CARES database. Further, our DALY calculation does not estimate the burden of cardiac arrest as a whole since this evaluation does not include pediatrics, traumatic cardiac arrest, in-hospital cardiac arrest, or individuals experiencing OHCA where no resuscitative efforts were attempted. Future work will need to be done to derive DALYs for these populations.
The DALY calculation in this evaluation required use of DW that are not currently available for victims of OHCA in the US. The DW used herein were obtained from Ginsberg et al, 17 and were prospectively derived from OHCA survivors in Jerusalem. It is possible that the mortality and severity of disability following OHCA in the US are different, and subsequently require unique DW. However, the results of the sensitivity analysis showed no effect on DALY when a uniform distribution of DW were used in our population. Additionally, OHCA subject comorbidities may contribute to overall disability beyond the DW proxied by CPC score. Unfortunately, comorbidity data are not captured in the CARES database thus was not included in the analysis. AED indicates automated external defibrillator; CPR, cardiopulmonary resuscitation; and DALY, disability-adjusted life years. *The coefficient is the patient level association of the intervention on DALY values, derived from the multivariable linear regression models.
†The B-CPR analysis was limited to bystander witnessed events, and also excludes EMS-witnessed OHCA, nursing home, or health care facility.
‡The B-AED analysis was limited to OHCA in a public location (public/commercial building, street/highway, place of recreation, industrial place, transport center, and other), and also excludes EMS-witnessed OHCA, and nursing home, or health care facility events. Finally, for our DALY estimates of the lifetime impact of OHCA on DALY, long-term survival data were obtained from Andrew et al 14 , and were derived from OHCA survivors in Australia. In their analysis, 62.3% of survivors survived at least 15 years post-OHCA suggesting our life-expectancy estimates are conservative. It is possible that a similar population in the US may experience different long-term outcomes. However, since OHCA survival is less than 11%, the calculation of YLD minimally contributes to the overall DALY because of the high mortality. The results of the sensitivity analysis using varying long-term survival estimates underscore this notion and do not alter the conclusions of our primary analysis. However, the results do suggest that the estimated DALY for survivors can vary significantly when long-term survival is unknown and, therefore, must be imputed.
Conclusions
Adult nontraumatic OHCA is a leading cause of annual DALY in the US and should be a focus of public health policy and resources. The impact of bystander interventions, including CPR and AED application are associated with a decrease in OHCA DALY. These results highlight the importance of national B-CPR and AED education, and should help inform key policy makers, funding agencies, and the public of the significant burden of disease associated with cardiac arrest in the US.
